The arterial pulse rate and the arterial oxygen saturation (SaO 2 ) are an important part of monitoring a patient's vital signs. To estimate a patient's SaO 2 value conventional probes need to be attached to the subject's skin, in most cases around a finger or, in the case of premature infants, around a foot. This method is not always suitable, as there are reasons like damaged skin tissue or frequent loosening of the sensor, which prohibit attaching a probe directly. With the methods presented here a camera based system can be used, that allows contactless measurements of the beforementioned vital signs. The system consists of a camera attached to a time multiplexed LED-array alternating red (660nm), near-infrared (810mn) and no active illumination synchronously during the exposure for each recorded image. The camera sensor's 10-bit ADC capability is barely sufficient for detecting arterial pulse related changes of brightness on an observed area of skin. Hence the ADC's sensitivity is extended by integrating brightness values over two areas of interest (64x64 pixels). Those areas of interest record an area of the subject's skin and a lifeless reference area, that is used to cancel the effects of an unstable lighting due to changes of the LEDs' luminosity. This theoretically allows the camera to detect changes of in the luminosity value of the camera. By carefully choosing the sampling rate the camera's limitations fulfilling the sampling theorem for background noise sources can be minimized. After transforming the pre-processed signals into frequency domain, the subject's arterial pulse rate can be determined. The frequency-domain-signal contains information about the absorbance of light by pulsating arterial vessels corresponding to each used wavelength of light. This information can then be used to calculate the arterial oxygen saturation by approximating the BeerLambert law.
Oropharyngeal carcinoma is currently the 10th most common cancer worldwide. Up to 400,000 incident cases of oral cancer are detected every year. In this regard, squamous cell carcinoma accounts for about 90 percent of these oral tumors. The difficulty of the in vivo classification of the lesions in dysplasia or else invasive carcinoma represents a constant therapeutic dilemma. Although the therapy options have improved in the last two decades, the overall 5-year survival rate of patients remained more or less unchanged. Therefore, the early diagnosis of oropharyngeal cancer and its precursor lesions remains the best way to ensure the survival of the patients and their quality of life. In this respect, optical coherence tomography (OCT) seems to be a promising imaging modality for the noninvasive detection of oral malignancy and the reliable screening of high-risk patients. This new method allows the contactless highly resolved imaging of biological tissue, by depth-resolved cross-sectional images and volume scans similar to ultrasound imaging. In this research, a new handheld endoscopic scanning unit is designed, which is accessible to almost every part of the human oral cavity. The development is based on a forward imaging endoscopic device, which allows the telecentric imaging with a working distance of 10 mm and a sufficiently large field of view of 5 mm. In combination with a customized high resolution OCT system of our workgroup, in vivo imaging of the non-ceratinized oral mucosa at different zones of the cheek, the lateral tongue as well the anterior palatal arch is performed. In an upcoming study, the endoscopic OCT scanner will be used first with volunteers for the systematic determination of the epithelial thickness in different regions of the human oral mucosa and second in a clinical study for the qualitative morphological and functional imaging of epithelial tissue alterations.
Complex fractures of long bones require the insertion of an intramedullary nail into the medullary canal of the fragments. The distal and proximal endings of the intramedullary nail usually provides two cross-holes for interlocking with screws and therefore strengthening the fragments during the healing process. To locate these cross-holes, diagnostic radiology is applied using a C-arm system causing an exposure to X-ray radiation for the surgeon and patient. Aborted and repeated drilling might not be excluded. The aim of the improvement is the reliable and exact localization of the intramedullary nail and its locking holes. We developed a method of navigation including the following components: two opponent sighting camera marker modules, a software tool including algorithms and a mechanical target device for detecting the nail holes within a minimum of X-ray shots. The camera-marker-modul consists of an IR camera, 4 LED-markers and a radio transmission unit. The camera marker module determines the position of the drilling machines depending on the nail holes. The position data is transferred in real-time, thus the surgeon can view the relative position on the computer display. This newly developed method of locking intramedullary nails is a reliable and low-radation system. The system has the following benefits: avoidance and diminution of exposure to radiation respectively for the surgeon and patient, reduction of individual influences of the surgical result, reduction of sugery duration and avoidance of repeated operations, decreasing strain of the surgeon during technical operation, improvement referring to postural deformities and fatigue, enhancement of locking intramedullary nails by applying new operational and functional sequences, avoidance and reduction of X-ray diagnostic substances and simple, ergonomically designed and self-explanatory handling of the operation technique. Transcutaneous spinal cord stimulation (tSCS) has been shown to abbreviate spasticity in lower limbs in people with incomplete spinal cord injury (SCI) people. Therefore tSCS is a therapy of choice for SCI in our clinic. It is also known that SCI modulates the organisation of the brain in the way that it decreases the areas allocated for the control of the not connected extremity part. Therefore we hypothesize that the tSCS treatment can influence the plasticity of the brain as well. In this work the footprint of the tSCS in the EEG is sought in order to verify that the stimulating signals are transmitted to the brain. In this first approach one healthy subject for control and one Cerebral palsy (CP) patient participated. Cortical somatosensory evoked potentials (SEP) where recorded during tibial nerve stimulation and during tSCS. The recording of SEP during tibial nerve is well documented so it serves as a proof of method. Then SEP was also recorded during voluntary ankle dorsiflexion and analyzed for event-related (de-)synchronization (ERD/ERS). SEP is clearly to be seen in the sensorimotor cortex during tSCS. It is though different in form from the SEP during tibial nerve stimulation. As expected the ERD/ERS were focused over the Cz electrode as documented in the literature. After movement by the CP subject the synchronisation was limited and therefore different to a healthy subject. But no significant changes where found after treatment.
As the tSCS modifies the SEP the hypothesis that the treatment could influence the brains plasticity is supported. The difference in SEP between tSCS and tibial nerve stimulation suggests that different fibres in the spinal cord are stimulated. ERD/ERS patterns are changed in CP compared to a healthy subject.
Measurements of electric potential differences in a physical phantom volume conductor allow the assessment of electroencephalography source reconstruction procedures and for the assessment of electrical stimulation profiles during transcranial electric stimulation (TES) including device validation. In the present study, we describe the realization and testing of an electrode array to detect electric potential differences in a head shaped volume conductor. The electrode array design follows the parietal curvature of a human inner skull. The polymer array comprises 23 rods plugged into a common base and was produced with additive manufacturing. Each rod holds three silver/silver chloride pellet electrodes, one placed at the tip and two along the shaft spaced 10 mm. The electrodes sample approximately a volume of an ellipsoidal cylinder with half axis of 30 mm and 25 mm and a height of 50 mm. The electrode array was first tested in a volume conductor homogeneously filled with a 0.17 % sodium-chloride solution. Two 50x50 mm stimulating rubber electrodes applying a direct current of 2 mA were placed at opposite sides of the volume conductor with a distance of 1200 mm to each other. A biosignal amplifier (eego-sports, ANT) recorded the electric potential differences at the electrodes in the array. In addition, simulations of the electric potential distribution in the same setup modelled by the finite element method were carried out in Comsol. Using the electrode array, it was possible to record the electric potential distribution in the volume conductor. Distortions of the electric potential distribution were detected by comparing simulations neglecting and modelling the polymer rods. The strongest distortions were found in between the single rods and on their tops. With the present study, we provide a proof of principle for the validation of simulations for electric potential distributions as used in TES in a homogeneous volume conductor.
